Introduction: Urinary tract infection is the most frequently diagnosed kidney and urologic disease, and Escherichia coli is by far its most common etiological agent. Uropathogenic E. coli are responsible for approximately 90% of urinary tract infections seen in individuals with ordinary anatomy therefore, it is essential to review the antibiogram of uropathogenic E. coli periodically to help clinicians decide on the appropriate therapy. Methodology: We evaluated E. coli isolated from urinary tract infections at the National Salmonella and Escherichia Centre for antibiogram, plasmid transferability and stability of resistance markers. Results: In total, 90.9% of the isolates were found to be sensitive to nitrofurantoin while the highest proportion of the isolates was found to be resistant to nalidixic acid. Minimum inhibitory concentrations of all antimicrobials for different isolates were well within the limits specified by the Clinical and Laboratory Standards Institute. Resistance against tetracycline was not transferred either by conjugation and transformation. Streptomycin resistance was found to be lost in the maximum number of tested isolates showing loss at the 10
Introduction
"Urinary tract infection" (UTI) is a broad term that encompasses either asymptomatic microbial colonization of urine or symptomatic infection with microbial invasion and inflammation of the urinary tract [1] . However, from a microbiological perspective, urinary tract infection exists when pathogenic microorganisms are detected in the urine, urinary bladder, urethra, kidney, or prostate [2] .
UTI is one of the most common human infections [3, 4] and a major cause of morbidity and mortality [5] . Bacteria responsible for UTI often originate from the fecal and perineal microbiota [4] . Serotypes of Escherichia coli consistently associated with UTI are designated as uropathogenic E. coli (UPEC) [5] .
Antimicrobials are critical in the treatment of bacterial infections. A drastic decrease in the mortality and morbidity resulting from the use of antimicrobials during 1980s led to complacence among the medical fraternity [6] . The result was misuse and inappropriate use of antimicrobials, with emphasis on curative medicines at the cost of disease preventable measures, leading to the emergence of bacterial resistance [7] .
The emergence and spread of antimicrobial resistance is a cause of increasing concern [8] . It is one of the major causes of failure in treatment of infectious diseases that results in increased morbidity, mortality, and economic burden [9] . Urinary infections are the second most common among human infections and the development of bacterial resistance further complicates the therapy. Organisms tend to develop unpredictable resistance patterns thereby indicating the necessity for constant surveillance of antibiograms to observe trends among UPEC isolates.
Methodology

Bacterial Strains
Fifty-five E. coli strains isolated from urine cultures from people with UTI constituted the material for the study. Samples were received from different parts of the country over a period of two years (January 2007 to December 2008) at the National Salmonella and Escherichia Centre (National Reference Laboratory), Central Research Institute, Kasauli, India. The centre received 28 and 27 UPEC isolates in the years 2007 and 2008, respectively. All isolates were identified by conventional biochemical tests [10] and confirmed by serotyping [11] . The difference between the proportion of resistance to various antibiotics in the year 2008 and 2009 was statistically evaluated using the z-test for proportions.
Antimicrobial susceptibility testing
The susceptibility patterns of the isolates were determined by disc diffusion method using the following antimicrobials (Hi Media Laboratories, Pvt. Ltd., Mumbai, India): ampicillin (10µg), ceftazidime (30µg), ciprofloxacin (5µg), gentamicin (10µg), nalidixic acid (30µg), tetracycline (30µg), nitrofurantoin (300 µg), norfloxacin (10 µg), amoxycillin/clavulanic acid (20/10µg), piperacillin/tazobactum (100/10 µg), streptomycin (10 µg), and trimethoprim/sulfamethoxazole (1.25/23.75µg), according to the CLSI guidelines and interpretative criteria [12] . Minimum inhibitory concentrations (MIC) were determined by agar dilution test [13] using antimicrobials (Hi Media Laboratories, Pvt. Ltd., Mumbai, India) or by E-test (Hi Media Laboratories, Pvt. Ltd., Mumbai, India).
Transferability of R plasmids
Transfer of resistance was assayed using a standard rifampin-resistant E. coli recipient, CGSC 6576 (F -, λ -, recA1, IN(rrnD-rrnE)1, rpoB331(rifR), hsdR19), kindly supplied by Dr. John Wertz from Coli Genetic Stock Centre, Yale, USA), according to the method described by Robertson and colleagues [14] . Plasmid DNA was isolated as described by Engebrecht et al. [15] and transformation was performed using a HMS174 (F -recA1 hsdR(r K12 -m K12 + ) (Rif R ) competent cell kit (Novagen, Darmstadt, Germany) per the manufacturer's instructions.
Size determination and stability of R plasmids
Isolation of plasmid DNA was performed as described by Engebrecht et al. [15] and plasmid DNA was electrophoresed in 0.8% agarose gel. HindIII lambda DNA digest was used as the molecular weight standard. Stability of the resistance markers in isolates and transconjugants was determined as described by Wantabe and Ogata [16] . All strains were subcultured regularly on a daily basis for 25 days and the stability of resistance patterns was determined intermittently by disc diffusion method.
Results
Six distinct serogroups were found among the E. coli strains studied. Most of the isolates belonged to the serogroup O4 followed by O1, O2, O25 and O6 with the least proportion belonging to O75 (Table 1) . Higher numbers of isolates were found to be isolated from females (37/67.3%) as compared to those from males (18/32.7%) ( Table 2) . Moreover, the maximum proportion of isolates was from the age group of 11 to 50 years in males (12/66.6%) as well as in females (21/56.8) ( Table 2) . A high level of resistance was found against nalidixic acid (48/87.3%), followed by ampicillin (47/85.5%), norfloxacin (41/74.5%), amoxycillin/clavulanic acid (41/74.5%), tetracycline (37/67.3%) and trimethoprim/sulfamethoxazole (37/67.3%), while all isolates were found to be sensitive to nitrofurantoin and piperacillin/tazobactum in both the years collectively (Figure 1) . None of the isolates was sensitive to all antimicrobials tested (Table 3 ). An increase in the proportion of isolates resistant to nalidixic acid (p = 0.246), streptomycin (p = 0.109), and tetracycline (p = 0.103) was observed in the year 2008 as compared to that in 2007, but it was not found to be statistically significant when compared using the z-test for proportions (Table 3 ). The MIC values for all antimicrobials for resistant isolates were found to be the same in both years except for streptomycin (60 µg/ml to 240 µg/ml), tetracycline (30 µg/ml to 240 µg/ml) and trimethoprim/sulfamethoxazole (75/240µg/ml), which showed higher values in 2008 as compared to those in 2007 (Table 4) .
The percentage transfer of resistance markers ranged from 0% to 75.9% and 0% to 93.5% through conjugation and transformation, respectively ( Figure  2 ). Resistance markers for tetracycline, ciprofloxacin, norfloxacin, trimethoprim/sulfamethoxazole, amoxycillin/clavulanic acid and nalidixic acid were not found to be transferred in both cases. Out of a total number of 55 isolates, loss of resistance markers was observed only in 13 (23.6%) of them. All isolates were found to harbour 1 to 7 plasmids with sizes ranging approximately between 3 and 23Kb. The most common plasmid of approximately 23Kb was found to be present in all isolates. Streptomycin resistance was found to be lost in maximum proportion of the isolates (6/46.2%) followed by trimethoprim/sulfamethoxazole (3/23.1%), gentamicin (2/15.4%) and tetracycline (2/15.4%), whereas ampicillin, ceftazidime and tetracycline resistance was found to be lost in the lowest proportion of isolates (1/7.7%). Transfer of resistance to different antimicrobials through conjugation and transformation. Resistance markers for ampicillin and streptomycin was found to be transferred by conjugation and transformation whereas that for gentamicin and cefazidime was found to be transferred by conjugation only. Resistance to cotrimozazole, nalidixic acid, tetracycline, amoxyclav and norfloxacin was not transferred by both methods.
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Discussion
Urinary tract infection is emerging as an important community acquired and nosocomial bacterial infection. Moreover, antimicrobial resistance to various classes of antimicrobials continues to be a major health problem in different parts of the world [17] [18] [19] [20] , including India [21] [22] [23] [24] , posing a therapeutic challenge for health authorities. Antimicrobial resistance among UPEC shows considerable variations during different time periods and in different areas. The problem becomes further complicated with the emergence of ESBL producing UPEC [25, 26] .
More isolates were recovered from females (37/67.3%) as compared to males (18/32.7%). This result may be attributed to a high risk of infection in females due to a short urethra and its proximity to the anal opening. Drug resistance, particularly to commonly available drugs such as ampicillin, trimethoprim/sulfamethoxazole, gentamicin, ceftazidime and norfloxacin, is of great concern and further reduces effective therapeutic options in the treatment of UTI. However, isolates did not show any resistance to nitrofurantoin and piperacillin/tazobactum, which is in contrast to the results obtained in some other patient groups [4] . None of the isolates was sensitive to all antimicrobials tested, since for each of them there are strains with intermediate and/or resistant responses (Table 3) , and therefore show a high level of antimicrobial resistance in UPEC. However, nitrofurantoin remains the drug of choice with high sensitivity (50/90.9%) (Figure 1) .
Ceftazidime (p = 0.069), gentamicin (p = 0.696), nalidixic acid (p = 0.246), streptomycin (p = 0.109), and tetracycline (p = 0.103) exhibited an increase in resistance in 2008 compared to the resistance seen for these antibiotics in the previous year, but the difference was not found to be statistically significant when compared using z-test for proportions. The rest of the antimicrobials, however, showed almost equal resistance percentages to those noted previously and resistance to these antimicrobials was also higher than that observed by others [4] , exhibiting an increase in drug resistance. This increase in resistance is widely attributed to excessive and inappropriate use of antimicrobials.
Values of minimum inhibitory concentrations for sensitive, intermediate and resistant isolates for different antimicrobials used in the study lay well within the specified ranges given recommended by the Clinical and Laboratory Standards Institute [27] , except streptomycin (Table 4) , for which there is no clear consensus on the interpretation of susceptibility test results. Conjugative transfer of antimicrobial resistance was found to be quite prominent. Tetracycline was not found to be transferrable by conjugation and transformation, and this observation is in concordance with those obtained in other studies [28, 29] . This result may be due to the presence of a tetracycline resistance marker on a large-sized or defective plasmid [30, 31] . Moreover, ciprofloxacin and nalidixic acid resistance were not transferred through conjugation and transformation, and this may be due to the chromosomal origin of nalidixic acid and ciprofloxacin resistance [32] . Tetracycline, norfloxacin, amoxycillin/clavulanic acid, trimethoprim/sulfamethoxazole, and ciprofloxacin thus have a greater advantage against resistance, as resistance to these are not transferrable by horizontal gene transfer thereby restricting the spread of drug resistance.
Owing to the scarcity of literature on the stability of resistance markers, the same was determined in uropathogenic E. coli isolates. Partial loss of the Rplasmid was observed in 13 isolates. Streptomycin resistance was found to be most susceptible to loss during subculture, followed by trimethoprim/sulfamethoxazole, gentamicin, and ampicillin. Other resistance markers were found to be quite stable thereby increasing the chances of conjugational transfer and may therefore facilitate the spread and maintenance of antimicrobial resistance.
Conclusion
Many variations exist among uropathogenic E. coli in terms of antibiogram profile. Periodic formulation and review of antimicrobial policies are therefore required for controlling the development and dissemination of drug resistance. Continuous evolution of antimicrobial resistance is worrisome and mandates both further surveillance and new approaches to slow down the emergence and upsurge of antimicrobial resistance. Rationales for prudent antimicrobial use, followed by discrete adherence to the same, are needed. Moreover, due to the high prevalence of variability among antibiograms, empirical selection should be based on the knowledge of local prevalence and individual sensitivity rather than on universal guidelines.
